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A B S T R A C T .  The absorption spe ctra of pheiu tole in the lieiuid and solid states and 
those of n-butylben/oate in the vapour, licjiiid and solid phases have been photographed 
in the region between 2820 and 2500 A I’ ., using thin films of the substances in the case of 
the li(|uid and solid phases
In the absorption speclinin of phenetolc in the liquid state at 30 C,  tlnee broad bands 
art‘ observed with the r^ -^band at 35771 e n r ' and otlu‘i bands I'orre^ponding t(» a 
progression cf  vibrational fre(jitency q<»i cm * In the s^lid stati* at — iSo C the broail 
bands observed for the li(iiiid slaU* become much shaiper and each is accarnpanied Iiv 
three faint bands. The bands eoricspond to the vibrational fretjueiKMCs 5O0, 773. O -s CLLS 
and 1272 c m " '  and their roinbinat 10ns '1‘he ^gband in (be solid state at iSn'C is 
shifted towards longer wavelengths by 3«S t 111 ‘ from it  ^ posjlmn m iJie liquid stale and 
by 620 em ‘ * from its position in the vap >nr state
'flic absorption spectrum of a butylben/oate in (In* \ apoui stale > itlds g bamU with 
the >'(i-band at 36009 cm ‘ and progression of vibrati nial frequencies 360 and gpi cm ' 
and tlieir combinations In tin* liquid sta^t at 3- c th** substance fields only three b.inds 
corie.spondiug to vibrational frc(inency o,s2 i m ' and thr «hoU- f,p. ctnini ts shifUd by 
ab.',nt 573 cm ■ toward., longer wavelengths. \Mii n the lujuid is .solidilied and cooled to 
- i f 'o 'O  the batid.s .shill hv aliout loo cm ' toAnrds longer w.ivi lengths and become a 
little sharper.
These results have been disinisscd in d< tail.
I N 'f  R 0  1> r  C T 1 O N
The investigations of the absorption spectra of some aromatic organic 
compounds in diffeiciil states ami at different temperatures carried out 
rcecntly in this laboratory (Deb. 1951. 1052, 1053 : v S ir k a r  and Swamy 1952 ;
Swamy 1952, 1953) yielded results which furnish much information regard­
ing the influence of the iutermolecular field on the electronic energy levels 
of the molecules in the liquid and solid states. The investigations referred 
to above were mainly confined to substituted benzene compounds and a few 
double^ring compounds. Vet the changes taking place m the absorption 
spectra with change of state were found to be of widely different characters 
for different molecules with, of course, some characteristics common to all 
the substances. For example, the v^-band and the spectrum as a whole are
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s h i f t e d  t o w a r d s  l o n g e r  w a v e l e n g t h s  in  a l l  t h e  c a s e s  w i t h  t h e  c h a n g e  f r o m  
v a p o u r  t o  l i q u i d  s t a t e .  T h e  n u m b e r  o f  b a n d s  a l s o  b e c o m e  m u c h  s m a l l e x  
w i t h  l i q u e f a c t i o n  o f  t h e  v a p o u r ,  b u t  t l i c  s u b s e q u e n t  c h a n g e s  t a k i n g  p l a c e  in  
t h e  s p e c t r u m  o n  s o l i d i f i c a t i o n  o f  t h e  s u b s t a n c e s  a r e  f o u n d  t o  b e  d i f f e r e n t  f o r  
d i f f e r e n t  m o l e c u l e s .  I n  s o m e  c a s e s  t h e  e l e c t r o n i c  e n e r g y  l e v e l  i s  s p i l i t  u p  
i n t o  s e v e r a l  c o m p o n e n t s  w i t h  s o l i d i f i c a t i o n  a n d  l o w e r i n g  o f  t e m p e r a t u r e  o f  
t h e  s u b s t a n c e s  ( S i r k a r  a n d  S w ^ a m y  1952, b w ' a m y  1952). I n  t h e  c a s e  o f  o t h e r  
m o l e c u l e s  s u c h  a s  d i p l i e n y l m e t h a n e ,  d i b e n z y l  ( D e b  1 9 5 3 ) *  / ^ - d i c h l o r o b e n z e n e  
( S w a t n y ,  1052), e t c . ,  t h e  b a n d s  c lu e  t o  t h e  l i q u i d  p h a s e  b e c o m e  s h a r p e r  in  
t h e  s p e c t r u m  d u e  t o  t h e  s o l i d  s t a t e  a t  l o w  t e m p c r a t u i  c ,  a n d  a s  a  1 e s u l t  o f  
t h i s  s h a r p e n i n g  s o m e  w e a k  b a n d s  d u e  t o  o  -  v t r a n s i t i o n s ,  w h i c h  a r e  a b s e n t  
i n  t h e  c a s e  o f  t h e  l i q u i d  p h a s e ,  a r e  d i s t i n c t l y  r e s o l v e d  in  t h e  s p e c t r a  d u e  t o  
t h e  s o l i d  p h a s e .  T h e  s h a r p e n i n g  o f  t h e  b a n d s  w e r e  a t t r i b u t e d  t o  c e s s a t i o n  
o f  a n g u l a r  o s c i l l a t i o n s  o f  t h e  m o l e c u l e s  i n  t h e  c r y s t a l  a t  l o w  t e m p e r a t u r e s .
There is still a third grouj) of compounds, the absorption spectra of 
which do not undergo the changes mentioned above xvith the change of 
state from liquid to solid phase. Methyl and ethyl benzoates were found to 
belong to tliis group (Deb, ic)5ifi, 1953).
Further, the shift of the Vo-band with solidification in the case of all 
compounds studied so far was found to be diffeient from each other in 
magnitude and direction, for different compounds. The vibrational frequen­
cies for the excited slate were also found to be changed in the case of some 
compounds with solidification and lowering of temperature of the substances.
The investigations were continued in order to get information regarding 
other compounds and the present paper reports the results obtained in the 
case of phenetole (CcHr.OCoH:.) and n-butylbenzoale (C«H;,COOC4Hi,)- 'fbe 
data obtained in the case of phenetole have been compared with those m 
the vapour stale leported by vSreeramanmrty (1951) and in the other case the 
spectra for all the three states have been investigated.
l\ X  P  K  R  T M Iv N 'r A h
T h e  e x p e r i m c u l a l  t e c h n i q u e  u s e d  i n  t h e s e  i n v e s t i g a t i o n s  h a s  b e e n  
d e  c r i b e d  p r e v i o u s l y  ( D e lx .  1 9 5 1 a ) .  T l i e  u l t r a v i o l e t  c o n t i n u u m  w a s  o b t a i n e d  
f r o m  a  h y d r o g e n  d i s c h a r g e  t u b e  r u n  a t  a b o u t  3  K .  V .  T h e  t h i c k n e s s  o f  t h e  
a b s o r b i n g  f i l m  i n  t h e  s o l i d  a n d  l i q u i d  s t a t e s ,  r e q u i r e d  f o r  t h e  p r o d u c t i o n  o f  
b a n d s  in  t h e  a b s o r p t i o n  s p e c t r u m  w a s  a b o u t  a  f e w  m i c r o n s  i n  t h e  c a s e  o f  
p h e n e t o l e  a n d  l e s s  t h a n  o . i  m m  i n  t h e  o t h e r  c a s e .  F o r  i n v e s t i g a t i o n s  a t  l o w  
t e m p e r a t u r e s  a  D e w a i  v e s s e l  m a d e  o f  f u s e d  s i l i c a  w a s  u s e d  a s  b e f o r e .
The substances studied were of chemically pure quality. Phenetole 
was supplied by B. D. H. and «-hutylbenzoale by Fisher Scientific Co. of 
U. S. A. They were redistilled in evacuated double bulbs before use.
T h e  l e n g t h  o f  t h e  o f  t h e  a b s o r p t i o n  t u b e  u s e d  in  t h e  i n v e s t i g a t i o n  o f  t h e  
s p e c t r u m  o f  n - b i i t y l b e n z o a l e  in  t l i e  v a p o u r  s t a t e  w a s  9 0  c m ,  t h e  e n d s  b e i n g  
c l o s e d  b y  q u a r t z  w i n d o w s ,  s c a l e d  w u ih  s o d i u m  s i l i c a t e  c e m e n t .  A  C e i i c o
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Hyvac pump was u s e d  t o  e v a c u a t e  l l ic  t u b e .  T h e  t e i n p e i a l u i c  o f  t h e  l u b e  
as well as the bulb c o n t a i n i n g  th e  l i q u i d ,  c o n n e c t e d  to  t h e  t u b e  w a s  m a i n ­
tained m u c h  a b o v e  r o o m  t e m p e r a t u r e  b y  p l a y i n g  Ihe (la m e  o f  a b u i n e r  o v e r  
the tube and bulb i n t e r m i t t e n t l y .
A l l  t h e  p h o t o g r a p h s  w e r e  t a k e n  o n  I l f o r d  H .  P .  3  f i l m s  u s i n g  a H i l g e r  
K  I q u a r t z  s p e c t r o g r p h  w h i c h  h a s  a d i s p e r s i o n  o f  a b o u t  3  A . T .  p e r  niin in  
t h e  r e g i o n ,  2 6 0 0  A .  I r o n  a r c  c o m p a r i s o n  w a s  r e c o r d e d  in e a c h  p h o t o g r a p h  
a n d  m i c r o p h o t o m e t r i c  r e c o r d s  o f  t h e  s p e c t r a  w e r e  t a k e n  u s i n g  a K i p p  a n d  
Z o n e n  s e l f - r e c o r d i n g  m i c r o i d i o t o i n e t e r .  I n  e a c h  r e c o i d  a  k n o w n  ir o n  l in e  a t  
o n e  e n d  o f  t h e  s p e c t r u m  w a s  t a k e n  a s  t h e  r e f e r e n c e  l in e .  T h e  w a v e l e n g t h s  
o f  t h e  b a n d s  w e r e  c a l c u l a t e d  f r o m  t h e s e  r e e p r d s  f r o m  t h e  k n o w n  r a t io  u s e d  
( 1 . 6  : 1 )  a n d  t h e  d i s t a n c e  o f  p e a k s  f i o m  t h e  r e f e r e n c e  l in e  m e n t i o n e d  a b o v e .
R  K S' TT L  'J\S  a n d  D  1 S  C  it S I O N
T h e  i n i c r o p h o t o i n c t r i c  r e c o i d s  o f  t h e  s p e c t r a  h a v e  b e e n  r c p i o d u c e d  in  
f i g u r e s  I  a n d  2 a n d  t h e  w^ave n u m b e i s  o f  t h e  b a n d s  a n d  t h e ir  a s s i g n m e n t s  a r e  
g i v e n  in  T a b l e s  I a n d  I I .  F o r  c o m p a r i s o n ,  t h e  w a v e  n u m b e r s  a n d  a s s i g n ­
m e n t s  o f  s e v e r a l  p r o m i n e n t  b a n d s  o f  p h e n e t o l e  in  th e  v a p o u r  s t a l e ,  r e p o i t e d  
b y  S r e e r a i n a i n u r t y  ( 1 9 5 1 )  h a v e  b e e n  i n c l u d e d  in  c o l u m n s  i a n d  2 o f  T a b l e  I .  
C o l u m n  3  o f  t h e  s a m e  t a b l e  g i v e s  t h e  e x i c i t e d  s t a t e  f r e q u e n c i e s  o f  p h e n e t o l e  
v a p o u r  l e p o r t e d  b y  R o b e r t s o n ,  ct al ( 1 9 5 0 ) .
T a h i ,u  I
U l t r a v i o l e t  a b s o r p t i o n  b a n d s  o f  i i h c n e t o l e  ( < ^
X'apour (Srcf^raina- 
n iu rty ,  (1951  
(Prom inent bands only)
V (c*m" M 
ainl lilt.
36362 (vvs)  
3 6 9 1 6  (nis) 
3 7 1 0 6  tvs) 
3 7 1 3 0  (ms)
3 7 2 6 9  (vs) 
3 7 3 1 4  (ms) 
3 7 6 2 5  (vs)
Assign­
ment
*^0
•'0+554
>'(1+744
>'0+ 744'’^
I/0 + QO7
•'O+PS^
1^ 1,4-1272
a pour
(Robertstni ri
al, 1950)
Kxi ited st 
frt'(jiieiK ies 
(cm *)
155
34"  ( « '
760 i\ s)
940 (vs)
1255 (»">
T h e »'o band  
at 36352  c m '  ‘
Tvujuid at 3<>‘ C 
d*icsenl author*
Solid al - 
{Present author)
u ('em ' ) 
and Ini.
35771
36672 (vvs)
3 7 57 2  (w)
Assign­
ment
i' c^m" ‘) 
and int
Assignment
*'(j
»'(,+u"i I
35735 (vvsI  
3 6 2 9 3  (ms) 
36 50 6  (s) 
3 ^ 6 3 5  (w) 
3 6 6 7 8  (vvs)  
I 37f’05 (w)
: 37^39 (nis)
' 37449
i^o+2Xqoi 57^25 (ms)
i 37953 (w )
3 8 1 8 2  (v\v)
»'o
: >'ud 560 
1 »'0-+ 773; »^0 + 9<^2
i *'0+945 
*'0 +  1272 
’ *'o"i 945 +  5t>o 
I *'0+945 +  773 
! »^o+2X945  
! >'0+945+^272 
i *'0+2X945+560  
I 3S561 (ww) Vo 4" 3X945 
1 38898 (vvw) > ' 0 + 2 x 9 4 5 4 1 2 7 2
460 A . R . Deb
OOoO'
ooo
ro
B0 
uOJ MXi
1  B
5 b>03
6
uo
eg
I
cd
oo
CrO
CO
*5c*
Ultraviolet Absorption Spectra of Phenetole, etc 461
'6
to
vO
U
c21^I
s
co
s
cd
^ o . ^CO
Uh -o
*5cr
0
&
462 A . R , Deb
T ahu5 1 1
Ultraviolet absorption bands of w-biitylbenzoate N - C - O - C .H , ,
II )
o
Vapour
V (cm‘ ‘ ) and 
Inl.
35703 (vvw) 
36099 (vs)
36459
37043 (vvs)
37400 (w)37q.«6 (s)
38348 (vw) 
38920 (vw) 
39290 (vvw)
A ssignm ent
Liquid at 3 2 ‘X'
Vo- 3 9 6  
''O
vp 4 - 3 6 0  
vp+ 9 4 4  
vo + 944H‘ 3^ t)
I'o f  2 X 9 4 4  
vo +  2 X g 4 4  X  3 6 0
*'0+3X944
*'0 + 3  X 9 4 4 -^360
V (enrM and 
Int.
35627 (VvS) 
3 6 5 7 9  ( v v s )  
3 7 5 2 6  ( w )
Assignment
*'0
*'0 + 952 
vq4 2  Xc) 5 2
Solid a t  - 1 8 0 “C
i*(cm'M Assignment 
and Int.
35526 (vs) Vp
36478 (vs) *'fl+952
37428 (w) vq4 -2x952
Phcneiolc
It is seen from Table I as well as from figure i that the fine structure 
of the bands of phciietole vapour reported bp Srecramaniurty (1951) is 
completely absent in the spectnuii of the substance in the liquid state, 
Only three broad bands arc present in the liquid state. The first one on the 
longer wavelength side, which is at 35771 cm'^ is taken as ^the V(,-band. 
The Vo-band in the vapour state (Sreeianiamiirly, 1951) is at 36362 cm“ ' .  
Thus there is a shift of the v„-band by about 3 9 1  cm *' towards longer 
wavelengths with the liquefaction. The only vibrational frequency in the 
excited state observed in the case of the liquid slate is 901 cm"^ measured 
from these broad bands. In the case of the solid phase at —iSo^'C, the broad 
bands of the liquid phase become much sharper, so that several other feeble 
bands which are merged in the broad bands in the spectrum of the liquid 
state are clearly resolved out. The vibrational frequency 9 0 1  cm”  ^ deduced 
from the centres of the broad bands in the case of the liquid state is found 
to be resolved into two bands at 902 and 945 cm“ ' in the case of the solid 
state. The other new bands are found to have frequency-differences 560, 
773 and 1272 cm~  ^ from the v^-band and their combinations w'ith the 
frequency 945 cm"** or its harmonics. These bands, therefore, are due 
o — r  transitions and not due to the splitting of electronic energy levels. Some 
of the excited state frequencies observed in the case of the vapour (Sreerama* 
murty, 1951) are 554, 744, 907, 952 and 1252 c n r ’ . Robertson, ei al (1950) 
reported the excited state frequencies 760, 940 and 1255 cni“ * besides a few 
more» in the case of the vapour state. But there is one significant 
difference betw'een the spectrum due to the vapour and that due to the solid. 
It is quite evident that the bands representing the frequencies 560, 773 and 
1272 cni“"H n the case of the solid state are much weaker than the corres-
ponding bands observed in the case of the vapour. Thus the transitions 
are restricted by neighbouring molecules in the solid state. The sharpening 
of the bands observed in this case is evidently due to cessation of some 
motions of the molecules in the lattice, which, as has been pointed out 
earlier ftSwamy, 1952 ; Deb, 1953) might be the angular oscillations of the 
molecules. The influence of the intcrmolecular field on the electronic 
energy level is clearly indicated by the shift of the ^o-band vvitli liquefaction. 
The ceSvSatioii of angular motions of the molecules is probably caused by 
the formation of virtual bonds between neigbouring molecules. The shift 
of the V(j-band is towards longer wavelengths both with liquefaction of the 
vapour and solidification of the liquid phase in this case, and this may 
indicate a gradual strengthening of the virtual bands with lowering of 
temperature.
The absorption spectrum of anisole, the lower homologue of phenetole 
is exactly similar to that of phentolc in the liquid state. In the solid state, 
however, they are not exactly similar. In the case of anisole only one more 
vibrational frequency, in addition to that of the liquid state was observed in 
the solid state at low temperature (Deb, 1951a) ; whereas in the present case 
three more vibrational frequencies and several combination frequencies are 
also observed. 
n-Butylbenzoaic :
In the vopour state w-butylbenzoate yields s) bands. The strong and 
sharp band on the long wavelength side of the spectrum at 36099 cm'"* has 
been assigned as the v„-band of the system. The othre bands are then 
found to correspond to vibrational frequencies 360 and 944 cm""  ^ and their 
harmonics and combinations. One very feeble band on the long wavelength 
side of the v^-band is observed at a distance of 390 cm““  ^ from the Vq band. 
This band is totally absent in the spectra due to the liquid and solid states, 
lividently, this represents a ground state vibrational frequency which 
probably fall to the value 360 cm” * in the excited state.
In the liquid state at 32^'C, the substance yields only three broad bands, 
the distance between the centres of the successive bands being 952 ciiP*. 
The V|,-band shifts towards longer wavelengths by 472 cm * from its position 
in the vapour state, when the vapour is liquefied. V^hen the substance is 
solidified and cooled to -  iSo”C, the bands again shift towards longer wave­
lengths, the shift of the v^-band being 100 cm"*. No further changes are 
observed in this case, except a slight sharpening of the bands with lowering 
of temperature to i8o*^C, The vibrational frequency 944 ^ni * in the 
vapour state remains practically the same in the liquid and solid states in
this case.
These results are similar to those observed in the case of ethylbenzoate 
(Deb, 1953) and methylbenzoate (Deb, 1951b). The influence of the inter- 
molecular field thus lowers the excited state energy levels of these molecules,
5—1832P—9
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this lowering-for the change from vapour to liquid phase being much larger 
than that for the change fiom liquid to solid phase. The absence of any 
appreciable sharpening of bands at —i8o®C points out that the angular motions 
of the molecules, which are supposed to be the cause of the broadening of 
bands in the liquid state, persist in tliis case even at -iSo'^C. The linking 
of the molecules wih the neighbouring ones at low temperatures is thus 
less favoured in this case than in the case of phenefole. From an observa­
tion of similar results in the case of ethylbenzoate it was suggested that the 
shape of the molecule might be the determining factor in allowing the 
formation of virtual bonds in such a way that angular motions of tlie 
^nolecules arc very much restricted. I{vidently, in all these benzoic acid 
esters the presence of the Qexible groups C-O-C^Hf, etc. is responsible 
for the fluctuation of iutermolecular field even in the solid state at -i8o^C. 
The v„-band is a little sharper in these cases than the other bands. This 
shows tliat the vibrational transitions of the molecules broaden the electro­
nic energy level in the excited slate.
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